BEST AVAILABLE COPY 



(19) 



9 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 0 709 698 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

01.05.1996 Bulletin 1996/18 

(21) Application number: 94117127.4 

(22) Date of filing: 28.1 0.1 994 



(51) int. a 6 : G02B 6/04, G02B 6/255, 
A61C 19/00, A61N5/00 



(84) Designated Contracting States: 


(74) Representative: Kinzebach, Werner, Dr. et a! 


DEESFRITSE 


PatentanwSHe 




Reftstdtter, Kinzebach und Partner 


(71) Applicant: DEMETRON RESEARCH CORP. 


Postfach 86 06 49 


Danbury Connecticut 06810 (US) 


D-81633 MOnchen (DE) 


(72) Inventor: Friedman, Joshua, Dr. 




Danbury, CT 06810 (US) 





(54) Dental fiber optic light guide 

(57) A fiber optic light guide (27) for forming a con- 
centrated high intensity light, comprising a multiplicity of 
fiber optic strands (25) bundled together, with each 
strand uniformly tapered to form an elongated tapered 



section (31) having a cumulative taper of less than five 
degrees and a curved section (28) extending distally 
from said elongated tapered section. 
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Description 

This invention relates to a fber optic light guide and 
light-curing unit for producing a convergent beam of con- 
centrated high-intensity light for curing a photocurabie 5 
dental composition. 

Photocurabie materials are commonly used in den- 
tistry as sealants, adhesives, and as filler material for f til- 
ing dental cavities. To cure the photocurabie material, it 
is exposed to radiant energy in a preselected spectral io 
range, typically in either the long-wave ultraviolet or blue 
visble spectrum, tailored to the composition of the photo- 
curable material. A light-curing unit containing a reflector 
lamp is used to irradiate the photocurabie material by 
directing light from the reflector lamp through a light is 
guide positioned with its distal end adjacent to the photo- 
curable material to be cured. The light guide functions to 
channel the light to the material at the she of the dental 
restoration. 

The physics of the transmission of light through a 20 
light conductor is well known, and is not unique to the 
field of dentistry. Any conventional text on optics will pro- 
vide the fundamentals to compute the critical angle and 
the numerical aperture for maximum transmission of light 
through a conductive medium of known geometry, com- 25 
position, and refractive index. It is the result of practical 
factors, such as limited accessibility, maneuverability, 
and size, that complicates the design of a dental light 
guide and light-airing unit. For example, to provide max- 
imum accessibility and maneuverability within the oral 30 
cavity of a patient the dental practitioner requires the 
light guide to have a curved end section. Substantial 
emphasis has been given to the design of a light guide 
to maximize the transmission of light from a reflector 
lamp of given dimensions operating at a given voltage 35 
rating under the constraints imposed by the dental prac- 
titioner and practical considerations of length and diam- 
eter. 

The conventional light guide is a solid conductor of 
either glass or plastic, or is composed of a fiber optic con- ao 
ductor consisting of multiple strands of glass fber held 
together as a flexible bundle or fused into a solid rod of 
individual fibers. 

The light guide of the present invention is a fber 
optic conductor having an elongated, conical, tapered as 
section and a tapered curved section which generates a 
convergent beam of high-intensity light at the distal end 
of the curved section, with minimal loss of light through 
the light guide. 

The tight guide of the present invention comprises: so 
a multiplicity of fber optic strands bundled 
together to form a solid conductor of fixed geometry, hav- 
ing an elongated, conical-shaped section over a sub- 
stantial portion of its length, and a curved section 
extending distally from the conical section, wherein each 55 
fber optic strand is composed of a tapered core having 
a predetermined refractive index, and a cladded coating 
having a refractive index lower than the refractive index 
of said core, with each fber optic strand having a com- 



plementary tapered geometry, with a taper angle sub- 
stantially equivalent to the taper angle of each other fber 
optic strand, such that the cumulative taper of all of said 
fber optic strands form an optical taper for said rod. hav- 
ing a taper angle proportional to the number of tapered 
strands in said bundle multiplied by the taper angle of 
said fiber optic strands. 

Other objects and advantages of the present inven- 
tion will become apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings of which: 

Figure 1 is a schematic of the light-curing unit of the 
present invention, including a lamp assembly and a 
light guide; 

Figure 2 is a diagrammatic representation showing 
the effect of parallel light rays through a fber optic 
conductor machined to form a conical taper; 
Figure 3 is a diagrammatic representation of the 
fber optic light guide of the present invention, which 
illustrates the principle of stacking fibers one upon 
the other to form an optical taper for the bundled con- 
ductor, with a taper angle proportional to the number 
of fibers and the taper angle of each fber; 
Figure 4 is a cross-section of the fber optic conduc- 
tor of Figure 3, taken along the lines 4-4 of Figure 3; 
Figure 4B is an enlarged cross-section of a fiber 
optic strand showing the taper angle fT"); 
Figure 4A is an enlarged section of a single fiber 
optic strand of Figure 4; 

Figure 5 is a cross-section of the fber optic conduc- 
tor of Figure 3, taken along the lines 5-5 of Figure 3; 
and 

Figure 6 is a diagrammatic representation showing 
the effect of parallel light rays through a fber optic 
conductor formed in accordance with the present 
invention. 

The source of light (10). shown schematically in Fig- 
ure 1, comprises: a lamp filament (12) and a parabolic 
reflector (1 1). The lamp filament (12) is disposed on the 
optic axis (1 3) within the light source (1 0) to reflect cones 
of light off the reflector (1 1) toward a focal spot where a 
light guide (15) is positioned. The light guide (15) has a 
light-receiving surface (1 4) oriented perpendicular to the 
optic axis (13) to receive the incident cones of light. The 
cones of light are received at an acceptance angle, which 
for maximum efficiency, should be as large as possble. 
The mathematical sine of the maximum acceptance 
angle, known as the numerical aperture, is determined 
by the optical properties of the fiber optic material and 
its shape. The diameter of the light guide (1 5) at the light- 
receiving surface (14) is selected to maximize the effi- 
cient collection of light incident at the focal plane, coin- 
ciding with the light-receiving surface (14). and is 
generally in a range of between 8-13 mm. It is conven- 
tional for the Tight guide (15) to have a curved end section 
(16) to satisfy the requirements of maneuverability and 
accessibility of the fight guide (15) for placement in the 
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oral cavity of a dental patient. The curved section (16) 
has a radius of curvature which is chosen in proportion 
to the diameter of the curved end of the fight guide (1 5), 
with an angle of curvature of from thirty degrees (30°) to 
sixty degrees (60°), tor a diameter range between 0.7 5 
and 1,5 cm. 

It is known that if a light guide is tapered, the taper 
will reduce the angle of incidence for each reflection and 
cause a concentration of the light rays at the distal end 
of the light guide. This is true for any light conducting 10 
medium, and will apply to a dental light guide composed 
of glass, plastic, or a f ber optic rod containing multiple 
strands of fibers. The benefit to be realized must be bal- 
anced against the fact that fa each reflection of light 
through a tapered conductor, the angle of incidence is 
decreases by an amount equal to twice the taper angle. 
Thus, if the taper angle is large, the angle of incidence, 
even for a small number of reflections, will quickly 
become smaller than the critical angle, at which point 
light escapes from the light conductor in accordance with 20 
Snell's Law of Refraction. 

If the light conductor is a fiber optic conductor con- 
taining multiple f ber strands, and is mechanically con- 
toured to form a conical geometry, the conical surface 
will permit light to escape through light scattering. This 25 
is evident from Figure 2 showing how parallel light rays 
(17) incident at the light-receiving surface (18) of a solid, 
fiber optic light guide (20), which has been machined 
down to form a conical surface geometry. The parallel 
light rays (1 7) scatter out of the light guide (20) along the so 
ground taper (21). Thus, the concept of using a tapered 
body is not applicable to a mechanically contoured fiber 
optic rod. For this reason, the concept of a tapered wave 
guide has been applied, to date, only to a solid conductor 
composed of glass or plastic. 35 

The fiber optic arrangement of the present invention 
is schematically illustrated in Figures 3 through 6. Each 
fiber strand (25) of the f ber optic conductor (27) is com- 
posed of a central core (22) surrounded by a cladding 
(23), as shown in Figures 4 and 4A, to form a composite, ao 
In accordance with the present invention, each strand 
(25) in the conductor (27) has a taper separate from the 
taper of each other strand (25). To form a conductor (27) 
having individual tapered strands, each of the fiber optic 
strands (25) may be separately tapered, bundled and as 
fused together to form a solid conductor (27), or a length 
of solid f ber optic may be stretched to form an elongated 
stretched section of conical geometry wherein each 
strand is uniformly tapered over the stretched section. 
The tapered section may then be cut out from the so 
stretched body so that each f ber optic strand (25) is uni- 
formly tapered throughout its length. A curved end sec- 
tion (28) may thereafter be formed by heating and 
reshaping one end (28). This leaves an elongated, 
tapered, conical section (31) and a curved end section 55 
(28). It is, however, not essential for the curved end sec- 
tion (28) to be tapered, i.e., the curved end section (28) 
may be of a uniform or more uniform diameter. In either 
event the diameter of the fiber optic conductor (27) at its 



distal end (32), as is shown in Figure 5, will be substan- 
tially reduced in size, based on the taper of the conductor 
(27) and its length. Although, the diameter of the con- 
ductor (27) at the distal end (32) will be substantially 
smaller than the diameter along the conical section (31). 
the number of fibers throughout the conductor (27) 
remains the same. In this arrangement as shown in Fig- 
ure 6. parallel light rays (29) incident at the light-receiving 
surface (30) are internally reflected through each fber 
optic strand (25) without suffering any light scattering. 
Moreover, as shown in Figures 3 and 4B, the taper angle 
fT) of each fber optic strand, measured from the lon- 
gitudinal axis extending through the center of the light 
guide, cumulatively creates an optical taper angle ("X") 
for the light guide in direct proportion to the number of 
tapered strands in the bundle, multiplied by the taper 
angle fT) of each strand. 

Thus, if there are, for example, 100 fibers laid side 
by side across the diameter of a bundle of fber optic 
strands, and the optical taper angle for the entire bundle 
is, e.g., five degrees (5°), then each fiber would be 
tapered by approximately five/hundreds of a degree 
(0.05°). This means that each individual fber has almost 
the same optical properties of a parallel fber. Stated oth- 
erwise, with only a 0.05 degree taper, it would take a sig- 
nificant number of multiple, internal reflections before the 
internal angle of incidence is reduced within the individ- 
ual fiber strand to the critical angle. 

The cladding (23) formed around the central core 
(22) of each fber optic strand (25), as shown in Figure 4 
and 4A, is of itself conventional and is formed by doping 
the glass material to controllably reduce the refractive 
index of the cladding (23). It is necessary for the refrac- 
tive index of the core (22) to be greater than the refractive 
index of the cladding. Preferably, the core should have a 
refractive index of 1.62 and the cladding a refractive 
index of 1.42. 

Claims 

1. A fber optic light guide comprising a multiplicity of 
fber optic strands (25) bundled together to form a 
solid conductor (27), 

characterized in that 

said conductor (27) having an elongated, conical- 
shaped section (31) and a curved section (28) 
extending distally from the conical section (31), each 
fber optic strand (25) having a tapered core (22) and 
each fber optic strand (25) of said conductor (27) 
having substantially equal taper angles, said 
tapered fber strands (25) forming an optical taper 
for said conductor (27), a taper angle of said con- 
ductor (27) being proportional to the number of 
tapered strands (25) multiplied by the taper angle of 
said fber optic strands. 

2. Af ber optic light guide as def ined in claim 1 , wherein 
said core (22) has a predetermined refractive index 
and a cl added coating (23) having a refractive index 
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lower than the refractive index of said core (22) is 
provided around said core. 

3. A fiber optic light guide as defined in claim 1 or 2. 
wherein each fiber optic strand in said curved sec- 5 
tion is tapered. 

4. A fiber optic light guide as defined in anyone of 
claims 1 to 3, wherein the taper angle of each f ber 
optic strand is less than one-tenth of a degree 10 

(<o.n 

5. A fiber optic light guide as defined in anyone of 
claims 1 to 4, wherein the taper angle for said light 
guide is less than five degrees (<5°). is 

6. A fiber optic light guide, as defined in anyone of 
claims 1 to 5. wherein said curved section has an 
angle of curvature between thirty (30°) to sixty 
degrees (60°) for a diameter range between 0.7 to 20 
1.5 cm. 

7. A light-curing unit for producing a concentrated, 
high-intensity light, comprising a light source (1 0), a 
reflector (1 1) for said light source and a light guide 
(15,27) for transmitting reflected light from said light 
source as a concentrated, high-intensity beam, said 
light guide having a light-receiving surface (14,30) 
transverse to the optic axis of the light source, 
characterized in that, 

said light guide is a light guide as defined in anyone 
of claims 1 to 6. 

8. A light-curing unit as defined in claim 7, wherein said 
light guide having a diameter at said light-receiving 35 
surface between 8 mm and 13 mm. 

9. A f ber optic fight guide comprising a multiplicity of 
optical fibers as defined in anyone of claims 1 to 6. 
obtainable by stretching said multiplicity of optical 
fibers in unison to form said conical shaped tapered 
section in which each f foer is tapered to a uniform 
taper angle of less than 1/1 0 of a degree (<0. 1 0) and 
bending said conical section at the distal end thereof 
to form a curved section. 

1 0. Use of a fiber optic light guide as defined in anyone 
of claims 1 to 6, for transmitting a concentrated, high- 
intensity light from a light source to a photocurable 
dental composition. so 
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